An effort was made to generate transgenic plants from embryogenic callus of soybean (Glycine max (L.) Merrill) by using Agrobacterium tumefaciens, strain EHA101 harbouring the binary vector pIG121, which contains neomycin phosphotransferase (NPTII), hygromycin phosphotransferase (HPT) and ~9 -glucuronidase (GUS) genes. Analysis by PCR and Southern blotting analysis of the putative transgenic soybean showed that the plants carried the genes for GUS, NPTII and HPT. The germinating seeds were injected with Agrobacterium tumefaciens, followed by sonication and vacuum infiltration. Analysis of the progeny plants by PCR and Southern hybridization showed that the transformed plants maintained the transferred DNA. Compared with transformation of embryogenic callus, that of germinating seeds was simple and repeatable, since it required no prior tissue culture steps and produced transgenic plants more efficiently. Transgenic plants of kidney bean (Phaseolus vulgaris L.) were also obtained by injection with the Agrobacterium into germinating seeds.
Introduction
Genetic manipulation of plants has become important in efforts aimed at the improvement of crops. Transformation of plant tissues has been attempted by several methods, for example: the Agrobacterium -mediated transfer of T-DNA (Facciotti et al. 1985 , Baldes et al. 1987 , Hinchee et al. 1988 , Delzer et al. 1990 , Hooykaas et al. 1992 , McKenzie et al. 1992 , Bailey et al. 1994 , Droste et al. 1994 , Mauro et al. 1995 , Thinland et al. 1995 , Hadi et al. 1996 , Cheng et al. 1997 , particle bombardment (McCabe et al. 1988 , Christou 1990 , Finer et al. 1991 , Stewart 1996 , in planta Agrobacterium -mediated transformation (Chee et al. 1989 , Chowrita et al. 1995 , Bent et al. 1998 , and sonication assisted Agrobacterium -mediated transformation (Trick et al. 1997 , Trick et al. 1998 , Santarem et al. 1998 .
The Agrobacterium -mediated transfer of T-DNA has proved to be the best method available for the transfer of DNA to plant cells. However, there have been problems in the production of transgenic fertile plants, namely difficulties associated with regeneration of plants, and in the selection of transgenic plants, as well as problems related to the methylation of DNA (Uliani et al. 1996) . Studies on the transformation of soybean have been limited and transformation efficiency was very low (Parrott et al. 1989 ). The first transgenic soybean plants were produced from germinating seeds using an Agrobacterium pTiT37-SE (Hinchee et al. 1988) . Transformation of germinating seeds by injection with Agrobacterium has also been reported (Chee et al. 1989) , however, only 0.07% of inoculated seeds yielded transgenic progeny plants. Although some successes have been reported with sonication assisted Agrobacterium-mediated transformation (SAAT), this procedure has been limited by loss of fertility of transgenic plants derived from tissue culture to produce progeny plants (Trick et al. 1998) . therefore did not regenerate into complete plant. We analyzed the distribution of GUS activity histochemically in transformed plants of soybean. After histochemical staining with 5-bromo-4-chloro-3-indolyl-D-glucuronide cyclohexyl-ammonium salt (X-glu), light microscopy revealed that the transgenic plant derived from the Orba biasa cultivar had blue coloration in its leaf tissue (Fig.2 T-1) . Thus, the gene for GUS appeared to have been transferred into the plant genome and to be expressed in the intact of transgenic soybean plants. Analysis of the putative transgenic plant by PCR revealed that the plant generated from embryogenic callus contained the Nos-NPTII gene (Fig.3-A) . In ten R1 plants of soybean, four of ten plants showed GUS activity. Analysis by PCR showed that five of ten R1 plants of soybean contained the Nos-NPTII gene (Fig.3-B) . 3.2 Transformation by injection of germinating seeds of soybean and kidney bean Surviving plants (R0) of soybean and kidney bean were identified by NPTII assay. The presence of NPTII was determined by amplification by PCR. In transformation of germinating seeds by injection, transgenic plants were produced at a rate of 12%. Injection and sonication produced transgenic plants at a rate of 16%. Injection and vacuum infiltration produced transgenic plants at a rate of 24%. Transformation of germinating seeds of kidney bean was also achieved successfully at a rate of 8% by injection, 8% by injection+sonication, and 12% by injection+vacuum infiltration (Table 2) . The progenies (R1) of the soybean and kidney bean plants that produced by the method of injection combined with vacuum infiltration were analyzed by amplification of genomic DNA by PCR and Southern hybridization. For example, analysis of eight R1 plants of soybean showed that four of the plants contained the Nos-NPTII gene (Fig.4-A) . In R1 plants of kidney bean, one of four R1 plants was a transgenic plant (Fig.4-B) . We also found the GUS activity in soybean progeny plants that produced by injection method of transformation (Fig.2 T-2) .
To exclude the possibility of minor contamination of the genomic DNA or of the reagents used for PCR, we analyzed the genomic DNA from the transformed plants by genomic blot hybridization. The genomic DNA was digested with Sal I and Sac I for detection of the gene of GUS. The results revealed that the progeny plants contained 2.0 kb of the appropriate T-DNA fragment insertion. The presence of the identical size of the band for the digest suggests that R1 plants of soybean (Fig.5-A) and R1 plants of kidney bean (Fig.5-B) were derived from a single transformation event in the parent. The identity of the amplified NPTII and HPT genes, PCR products, were also confirmed by Southern analysis (Fig.6 ). The NPTII (1.0 kb) and HPT (1.1 kb) genes were found as hybridizing fragments in each lane that had been loaded with genomic DNA from R1 plants. These fragments proved genes of pIG121 had been integrated into the genome of the progeny plants.
The above results showed that transformation of seeds by injection might be an alternative method for obtaining transformed soybean and kidney bean more efficiently, because it does not require the use duced a small channel throughout the tissue, permitting Agrobacterium to infect and subsequently transform tissue (Trick and Finer, 1998) .
Comparison of transformation methods
Regeneration of legume plants has met with considerable difficulties. Although regeneration of tissue culture had been demonstrated for soybean (Ranch et al.,1986) and kidney bean (Mohammed et al.,1993) , the efficiency of regeneration was too low to attempt Agrobacterium transformation. Trick and Finer (1998) reported that transgenic plants (R0) were obtained from transformed embryogenic suspension culture in soybean, but no progeny plant (R1) was recovered. However, our results showed that transgenic plants of soybean were obtained successfully by injection of germinating seeds with a liquid culture of Agrobacterium (Table 2) . We also demonstrated that the method of transformation for soybean could be applied to kidney bean. This is the first report of the applicability of this method to kidney bean.
Compared with transformation of embryogenic callus by infection with Agrobacterium, that of germinating seeds was simple and repeatable. Transformation by injection of germinating seeds with Agrobacterium required no prior tissue culture steps, and it only involves the inoculation of cotyledonary node and adjacent cotyledon tissue of germinating seeds with Agrobacterium. The above results show that the transgenic plants which produced progenies (R1) were obtained efficiently by injection of germinating seeds. The rate of transformation in embryogenic callus was very low but injection of germinating seeds produced 12% transgenic plants. Transgenic plants were also produced at the frequency of 16% by injection and following sonication.
Although some successes have been reported with sonication, this procedure has been limited by loss of fertility of transgenic plants derived from tissue culture to produce progeny plants (Trick and Finer, 1998) . In our study, transgenic progeny plants were produced successfully by injection and sonication of germinating seeds with Agrobacterium. The most efficient transformation occurred at the frequency of 24% when the method of injection followed was by vacuum infiltration (Table 2 ). The method of vacuum infiltration tremendously improved the efficiency of transformation through Agrobacterium infection. This might be due to large amounts of microwound in some undifferentiated cells in the plumule, cotyledonary node, or adjacent regions of germinating seeds which were caused by vacuum infiltration, which facilitated Agrobacterium infection. We are now using the present method for transformation in other legume plants.
